ABSTRACT
The changing cropping pattern created imbalances in the cropping system and had a serious economic and environmental impact on the farm sector and therefore, the sustainability of the agrarian economy requires serious consideration. The increasing conversion of paddy lands and the expansion of rubber will bring out the main thrust of the ecological transformation (Srikumar Chattopadhyay, 2015) . The over-exploitation of irrigation facilities adversely affected the water conservation. Changing cropping pattern and the consequent application of chemical fertilisers and pesticides heavily resulted in the depletion of inherent macronutrients, plant nutrients and micronutrients of the soil. There is a concern on the deterioration of quantity and quality of surface and groundwater. Hence it is felt that some of the indicators of sustainability or unsustainability like decline in yield, total factor productivity and native soil fertility, depletion in the quantity and quality of surface and groundwater resource, etc., are most relevant in the sustainability of the agrarian economy. Hence the following are the two specific objectives of this paper.
1.
To analyse the changes in cropping pattern in the Kasaragod district of Kerala;
2.
To examine how changes in cropping pattern affected the sustainability of the agrarian economy of the district.
Methodology
The There are no quick tests to indicate sustainability or unsustainability of the cropping system and the agrarian economy. At present some of the indicators of sustainability or unsustainability of the cropping system are widely used. They are (i) decline in yield, (ii) decline in total factor productivity, (iii) decline in native soil fertility and (iv) decline in the quantity of underground water (Rajendra Prasad, 1998) . In this study measurement of sustainability of the cropping system and the agrarian economy of Kasaragod district is on the basis of the last three indicators.
Decline in Total Factor
Productivity: This has been widely accepted as an indicator of lack of sustainability of the production system. The farming system and agrarian economy of any country or region are sustainable if they can maintain Total Factor Productivity Growth (TFPG) overtime (Pradumankumar et al., 2008) . The TFPG is classified into three categories, viz., (i) stagnant (less than zero per cent TFPG rate), (ii) less than one per cent TFPG rate and (iii) more than one per cent TFPG rate. In this study deceleration in TFPG has been taken as a proxy of unsustainability.
Total Factor Productivity measures the extent of increase in the total output, which is not accounted for by increases in the total inputs. Total Factor Productivity is defined as the ratio of an index of aggregate output to an index of aggregate input. The DivisiaTornqvist index of Total Factor Productivity is commonly used (Amarender Reddy A, 2009) for computing total output, total input and total factor productivity by the farm sector and is outlined below: Total output and input index in period t was computed from (1) and (2) (5) Equations (3) to (5) provide the index of total output, total input and total factor productivity, respectively for period 't' .
For constructing the total input index, eight inputs (human labour, animal labour, machine labour, farm yard manure, chemical fertilisers, irrigation, land and repair and maintenance) were included. Human labour input was measured as the total number of workers employed in agriculture, animal labour was measured as the number of adult bullocks and male buffalos, machine labour input as the number of four-wheeler tractors, farm yard manure input as the number of livestock, chemical fertiliser input was measured as the total NPK fertilisers, irrigation was measured as the area under irrigation, land was measured as gross cropped area and repair and maintenance charge as the number of pump sets. The farm harvest prices and production of crops at district level were used to compute the output index. The total factor productivity index was computed by dividing the output index by the input index for the district. The input, output and total factor productivity growth rates were done by fitting the exponential trend equation model to the input, output and total factor productivity indices, respectively.
The growth rate (GR) is computed using the formula:
The F test has been applied to test the significance of b.
Decline in Native Soil Fertility: Decline in native soil fertility, deficiency of plant nutrients and decline in micronutrients are the three main indicators for the unsustainability of land. Among these three, the first one was considered in this study. Decline in the native soil fertility status is analysed by taking the soil fertility status in different crop growing areas (paddy, coconut, areca nut and rubber) and is worked out from the analytical register and assistant soil chemist office of the district.
Decline in the Quantity of Underground Water:
Crop-wise average groundwater levels in different years were worked out from the data collected from the groundwater department to analyse the decline in the quantity of groundwater level. Eighteen monitoring stations, which were functioning from 1978 onwards, out of 53 dug well stations and 13 monitoring stations which were functioning from 1998 onwards out of 21 bore-well stations in the district were selected for data analysis. Crop-wise analysis was restricted to areca nut, coconut, paddy and rubber. The cropping pattern scenario of the district for the period 1985-86 to 2013-14 is shown in Table 1 . In terms of their claim on total cropped area, the leading crops in the district were paddy, coconut, areca nut, rubber, pepper, cashew nut, tapioca, ginger, banana and other plantations. Together they accounted for 91.67 per cent of the gross cropped area. It would be noted from Table 1 Table  2 clearly reveals that there has been diversification of crop area from food crops to non-food crops and it is a clear evidence of substitution of area from food to non-food crops.
Extent of Crop
During 1985-86 the order of the first five crops was coconut, cashew nut, paddy, rubber and pepper, in the descending order of shares to the total cropped area. Table 2 reveals that in 2013-14, the first five crops were coconut, rubber, areca nut, cashew nut and pepper. Rubber came to the second position by pushing paddy to the sixth. Coconut, rubber and areca nut together constituted 80 per cent of the total cropped area. The main crops losing area were paddy, cashew nut and tapioca. (9) 0.12 (9) 0.11 (9) 0.09 (9) 0.04 (9) 0.02 (9) 9 Banana and other plantains 1.32 (8) 1.74 (7) 1.92 (7) 2.29 (7) 2.13 (7) 1.73 (7) 10 T C A 100.00 100.00 100.00 100.00 100.00 100.00 Table 3 clearly shows the shift from food crops, mainly paddy and tapioca, to in favour of tree crops such as rubber, areca nut and coconut in the district, which was supported by the diversification index shown in Table 3 
Decline in the Soil Fertility Status:
There are several studies that say intensive cropping with high doses of inorganic fertilisers has led to deficiencies in the soil fertility status in several parts of India. It is an important indicator to measure the quality and health of the soils which determines agricultural sustainability and environmental quality (Karunakaran N, 2014) .
In the present analysis areas growing four crops (paddy, coconut, areca nut and rubber) were selected to measure the changes in the soil fertility. The evaluation of soil fertility on the basis of soil test results in these four crop based systems are done in two ways: analysing first by macronutrients (NPK) and second by the pH status (Figures 1  to 4 ). Figure 1 shows that there was decrease in the average soil pH status in all the crop growing areas; but the decline was severe in rubber cropped systems. Figures 2 to 4 derive the continuous decline of soil fertility and soil health in general and the deterioration of P and K soil status in particular to the rubber cropping system in the district. It is also found that P and K elements are low in the rubber plantations of the district.
Decrease in the Groundwater Level:
There is wide concern in the world that groundwater resources are deteriorating in the long-term both in quantity and quality. Studies on groundwater balance in the State have observed that the water table has been receding in many parts of Kerala (Karunakaran N, 2012) . The depletion of underground water has important implications from the economic angle as well as from the point of view of sustainability of agricultural system. Though many factors are responsible for groundwater decrease, the problem is being largely linked to the changes in cropping pattern. To study the effect of changes in cropping pattern on groundwater depletion in the district, average groundwater level in four crop growing (paddy, coconut, areca nut and rubber) areas were worked out. Paddy Coconut Arecanut Rubber Figure 5 shows crop-wise average groundwater level in different years in the district which reveals that the average groundwater level of dug wells in the paddy, areca nut and coconut growing areas increased and rubber areas decreased. The average groundwater level in the rubber crop growing areas was very low (below 4 metres) compared to other crop growing areas. It is observed that the recharge of water in the rubber cropped areas was very low compared to other crops and the discharge of water was high.
Total Factor Productivity Growth in the Crop
Sector: Productivity growth in agriculture is both a necessary and a sufficient condition for development and total factor productivity is an important measure to evaluate the performance of any production system and sustainability of a growth process (Amarender highlighted that the total factor productivity growth of important crops was decelerating in different parts of India. It was argued that if appropriate measures were not undertaken to address the problem of sustainability and natural resource degradation, the future growth of agriculture in such areas would be jeopardised. Table 4 shows that in the district, the share of TFP in the output growth was negative during the time period 1985-86 to 2009-10. The period-wise analysis also derived deceleration in the total factor productivity growth. Therefore, agricultural growth has been an important issue in the context of crop diversification in the district.
Conclusion
There are no quick tests to indicate sustainability or unsustainability of crop sector and the agrarian economy in the context of crop diversification. Sustainability analysed in terms of continued profitability, soil stability overtime and absence of adverse impact on environment has the following results revealed in the recently exhibited crop diversification of Kasaragod district.
Decline in soil fertility status measured by calculating the average soil fertility status of four crop growing areas of paddy, coconut, areca nut and rubber by evaluating and analysing pH status and NPK status showed that pH status was decreasing over the years in all crop growing areas and was severe in rubber cropped systems; the continuous decline of soil health and soil fertility in general and the decline of P and K soil status in particular were observed in the rubber cropped areas compared to other cropped areas.
(ii) Decrease in the average groundwater level in different crop growing areas revealed that water level in rubber crop growing areas was very low compared to paddy, coconut and areca nut. (iii) The performance of crop sector measured in terms of total factor productivity growth in the district indicated negative growth rates during the period.
These negative indicators primarily arise as a result of the changing cropping pattern in Kasaragod district, experienced in the past years, seems to be more serious and question the sustainability of the agrarian economy. This calls for better resource management strategy and efforts for accelerating the pace of total factor productivity growth and at the same time sufficient caution has to be exercised to conserve natural resources and promote institutional infrastructure. It provides physical inputs and induces technical change. More public investment in irrigation, infrastructure development like road and electricity, research and extension, efficient use of water and micro, macro and plant nutrients are also essential in the district.
